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(54) NITROGEN-ra COMPOUND SEMICONDUCTOR LUMINOUS ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract 

PURPOSE: To bring the luminescent color of a light emitting diode close 
to blue by forming between an n- and p-layers a semi-insulating i-layer 
composed of nitrogen-IE compound semiconductor with Zn added. 
CONSTITUTION: A buffer layer 2 of AIN is formed on a sapphire substrate 
1, and a high carrier concentration n+ layer 3 of GaN, lower carrier 
concentration n-layer 4 of GaN, i-layer 6 and p-layer 5 of GaN are formed 
thereon in this order. Since the semi-insulating i-layer 6 composed of 
nitrogen-ni compound semiconductor (including AlxGaylnl-x-yN; X=0, 
Y=0, X=Y=0) with Zn added is formed between the n-layer 4 and p-layer 5. tfrtTil ym^ .4 ^ ^ 
long wavelength components are increased as a whole by applying voltage v^^^^t^ ^^^^^^^^ 
in such a way that the p-layer 5 is at a positive potential as opposed to ^^n^l^^ 
the n-layer 4. Therefore, blue light is obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] nitrogen-3 group element compound semiconductor {AlxGaYIn1-X-YN:X=0, Y= 0, and X=Y=0 are included) of n 
mold from — with n becoming layers nitrogen-3 group element compound semiconductor (AlxGaYInl-X-YN;X=0, Y= 0, and 
X=Y=0 are included) of p mold In the nitrogen-3 group element compound semiconductor light emitting device which has p 
becoming layers from — nitrogen-3 group element compound semiconductor (AlxGaYIn1-X-YN;X=0, Y= 0, and X=Y=0 are 
included) which added Zn between said n layers and said p layers from — light emitting device characterized by preparing i 
becoming layers of half-insulation. 

[Claim 2] Said half-insulation layer thickness is a light emitting device according to claim 1 characterized by being 20- 
3000A. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the nitrogen-3 group element compound semiconductor light emitting 

device of blue luminescence. 

[0002] 

[Description of the Prior Art] Conventionally, it is GaN as blue light emitting diode. The thing using the compound 
semiconductor of a system is known. The GaN Since the compound semiconductor of a system is a direct transition mold, 
it attracts attention from that luminous efficiency is high, making into the luminescent color blue which is one in three 
primary colors of the light, etc. 

[0003] Recently and GaN It also set and it became clear by adding Mg and irradiating an electron ray that GaN of p mold is 
obtained. Consequently, GaN which changes to junction to n conventional layers and a conventional half-insulating layer (i 
layers), and has a FN junction Light emitting diode is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the luminescence wavelength of the light emitting diode which has 
the above-mentioned PN junction is about 430nm. There is a problem of being short wavelength a little, from the blue 
wavelength used as the three primary colors of light. Then, the purpose of this invention is a nitrogen-3 group element 
compound semiconductor (AlxGaYIn1-X-YN:X=0, Y= 0, and X=Y=0 are included). It is bringing the luminescent color of light 
emitting diode close to blue more. 
[0005] 

[Means for Solving the Problem] this invention — nitrogen-3 group element compound semiconductor (AlxGaYInl-X- 
YN;X=0, Y= 0, and X=Y=0 are included) of n mold from — with n becoming layers nitrogen-3 group element compound 
semiconductor (AlxGaYIn1-X-YN;X=0. Y= 0, and X=Y=0 are included) of p mold In the nitrogen-3 group element compound 
semiconductor light emitting device which has p becoming layers from — nitrogen-3 group element compound 
semiconductor (AlxGaYIn1-X-YN:X=0, Y= 0, and X=Y=0 are included) which added Zn between n layers and p layers from - 

- it is characterized by preparing i becoming layers of half-insulation. 

[0006] As for the above-mentioned half-insulation layer thickness, it is desirable that it is 2O-3O0OA. When thinner than 
20A. the luminescence brightness in a haH^insulating layer is small. Moreover, since the concentration of electrons poured 
into p layers will decrease if thicker than 3000A. it is not desirable, Zn concentration of a half-insulating layer, and 1x1019 

- 1x1021-/cm3 it is . Zn concentration 1xl021-/cm3 since crystallinity will get worse if it becomes the above, it is not 
desirable — 1x101 9-/cm3 Since luminescence reinforcement will fall if it becomes the following, it is not desirable 
[0007] 

[Function and EfFect of the Invention] nitrogen-3 group element compound semiconductor (AlxGaYInl -X-YN;X=0, Y= 0. 
and X=Y=0 are included) with which this invention added Zn between n layers and p layers from — it is characterized by 
preparing i becoming layers of half-insulation. Therefore, it is the peak wavelength of 492nm at the joint of n layers and i 
layers, and i layers by impressing an electrical potential difference so that it may become forward potential to n layers 
about p layers. Luminescence is obtained and it is the peak wavelength of 430nm at the joint of i layers and p layers. 
Luminescence was obtained. Therefore, the long wavelength component could be made to increase as a whole, and the 
luminescent color was able to be made blue. 
[0008] 
[Example] 

In 1st example drawins 1 , light emitting diode 10 has silicon on sapphire 1, and it is AIN of 500 ** to the silicon on 
sapphire 1. The buffer layer 2 is formed, the buffer layer 2 top — order — thickness 2.2 [ about ] GaN of mum from — 
high carrier concentration n+ which changes A layer 3 and thickness abbreviation 1 .5-micrometer GaN 4 is formed n layers 
of low carrier concentration which changes, from — furthermore — low — carrier concentration n layer 4 top — GaN of 
thickness about 400 ** from — i layer 6 which changes forms — having — **** — the i layer 6 top — 0.2 p layer 5 
which consists of mum is formed. And the electrode 7 and high carrier concentration n+ which were formed with the 
aluminum which connects with 5 p layers The electrode 8 formed with the aluminum linked to a layer 3 is formed. 
Insulating separation of an electrode 8 and the electrode 7 is electrically carried out by the slot 9. 

[0009] Next, the manufacture approach of the light emitting diode 10 of this structure is explained. The above-mentioned 
light emitting diode 10 is organometallic compound vapor growth (it is described as "MOVPE" below). It was manufactured 
with the vapor growth to depend, the used gas — NH3 Carrier gas H2 and trimethylgallium (Ga3 (CH3)) (it is described as 
"TMG" below) Trimethylaluminum (aluminum3 (CH3)) (it is described as "TMA" below) A silane (SiH4), bis 
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(cyolopentadienyl) magnesium (Mg2 (C5H5)) (it is described as "CP2Mg" belowX and diethylzinc (it is described as "DEZ" 
betow) it is . 

[0010] First, it is MOVPE about the silicon on sapphire 1 of the single crystal which makes a principa! plane the Ath page 
washed by organic washing and heat treatment. The susceptor laid in the reaction chamber of equipment Is equipped. 
Next, it was ordinary pressure, and H2 was carried out by part for rate-of-flow 2 liter/, and gas phase etching of the 
silicon on sapphire 1 was carried out to the reaction chamber at the temperature of 1 100 degrees C with the sink. 
[001 1] Next, temperature It is made to fall to 400 degrees C, and they are a part for 20 liter/, and NH3 about H2. A part 
for 10 liter/, and TMA It supplies by part for 1.8x10 -five-mol/, and is AIN. A buffer layer 2 is abbreviation. It was formed 
in the thickness which is 500A. The temperature of silicon on sapphire 1 is held at 1 150 degrees C. H2 A part for next, 20 
liter/. NH3 A part for 10 liter/, and TMG A part for 1.7x10 -four-mol/, H2 — 0.86 ppm up to — diluted silane (SiH4) a part 
for 200 ml/ — comparatively — coming out — for 30 minutes — supplying — thickness abbreviation 2.2 micrometers and 
carrier concentration GaN of 1 .5x1018-/cm3 from — high carrier concentration n+ which changes The layer 3 was formed. 

[0012] then, the temperature of silicon on sapphire 1 — 1 150 degrees C — holding — H2 — a part for 20 liter/, and NHS 
— a part for 10 liter/, and TMG a part for 1.7 xlO -fbur-mol/ — comparatively — coming out — for 20 minutes — 
supplying — about 1.5 micrometers of thickness, and carrier concentration 1x1015 / cm3 GaN from — 4 was formed n 
layers of low carrier concentration which changes. 

[0013] Next, silicon on sapphire 1 was supplied between parts, and 1 layer 6 of Zn concentration 3x1020 / cm3 which 
consists of GaN of thickness 400 ** was formed. It is made 900 degrees 0 and Is H2. A part for 20 liter/, and NH3 A part 
for 10 liter/, and TMG 1.7x10 -four-mol a part for /and DEZ It is 0.5 at 1.5 xlO -four-mol the rate for /. 
[0014] next, silicon on sapphire 1 900 degrees C — carrying out — H2 A part for 20 liter/, and NH3 A part for 10 liter/, 
and TMG A part for /, and 1.7x10 -four-mo! CP2Mg a part for 2x10 -seven-mol/ — comparatively — coming out — for 3 
minutes — supplying — thickness 0.2-mlcrometer GaN from — 1 layer 5 which changes was formed. In this condition, 5 
[ l-layer] is an Insulator. 

[0015] Next, the electron ray was uniformly irradiated this i layer 5 using reflection electron line diffraction equipment The 
exposure conditions of an electron ray are the acceleration voltage of lOkV, and specimen current. They are ImicroA, 
passing speed 0.2 mm/sec of a beam, beam diameter 60mlcrometerphi, and degree of vacuum 2.1 x10-5Torr. By the 
exposure of this electron ray. 5 Is resistivity 108 i layers. It became p conduction type semi-conductor with a resistivity 
[ cm ] of 40ohms from the insulator more than omegacm. Thus, p layer 5 which shows p conduction type is obtained. Thus, 
the wafer of multilayer structure as shown In drawing 2 was obtained. 

[0016] Drawing 3 described below to drawing 7 Is the sectional view showing only one component on a wafer, and in 
practice, about the wafer with which this component was repeated continuously, processing is performed and It Is cut for 
every component after that. 

[001 7] it is shown in drawing 3 — as — p layer 5 top — sputtering — SiO two-layer — 1 1 was formed In the thickness of 
2000A. Next, the photoresist 12 was applied on the SiO two-layer 11. And p layers are set to 5 by photograph 
RISOGURAFU, and it is high carrier concentration n+. The photoresist of the part B which forms the slot 9 which carries 
out insulating separation of the p layers of the electrode formation part A corresponding to the hole 15 formed so that it 
may result in a layer 3. and its electrode formation section with the electrode of 5 was removed. 

[0018] next, the SIO two-layer which is not covered with a photoresist 12 as shown in drawing 4 — the hydrofluoric-acid 
system etching reagent removed 11. Next, they are 4 and high carrier concentration n+ p layer 5 and under it the part 
which is not covered with a photoresist 12 and SiO two-layer 11 as shown in drawing 5 1 layer 6 and n layers of low carrier 
concentration. After supplying degree of vacuum 0.04Torr. high-frequency power 0.44 W/cm2, and BCI3 gas at a rate for 
10 ml/and carrying out dry etching of the top face of a layer 3 part dry etching was carried out by Ar. At this process, the 
hole 15 for electrode drawing to the high carrier concentration n+ layer 3 and the slot 9 for Insulating separation were 
formed. 

[0019] next, the SiO two-layer which remains on p layer 5 as shown In drawing 6 — 11 was removed by the hydrofluoric 
acid. Next, as shown In drawing 7 . the aluminum layer 13 was formed by vacuum evaporationo all over the upper [ of a 
sample ]. Thereby, in a hole 15, it Is high carrier concentration n+. The aluminum layer 13 electrically connected to the 
layer 3 is formed. And a photoresist 14 Is applied on the aluminum layer 13, and the photoresist 14 Is high carrier 
concentration n+ by photograph RISOGURAFU. Pattern formation was carried out to the predetermined configuration so 
that a layer 3 and p layers of polar zone to 5 might remain. 

[0020] Next, as shown in drawing 7 , the outcrop of the lower layer aluminum layer 13 was etched with the nitric-acid 
system etching reagent by using the photoresist 14 as a mask. At this time, the aluminum layer 13 vapor-deposited by the 
slot 9 for insulating separation is removed completely. Next, resist exfoliation liquid removes a photoresist 14 and it Is high 
carrier concentration n+. The electrode 7 of 5 was left behind 8 or p layers of electrodes of a layer 3. Then, like the above, 
the processed wafer was cut for every component and obtained the gallium nitride system light emitting device of pn 
structure shown in drawing 1 . 

[0021] Thus, It was lOmcd when the luminescence reinforcement of the manufactured light emitting diode 10 was 
measured. Moreover, luminescence wavelength is 460 - 470 nm, and is GaN of mere pn junction. Compared with light 
emitting diode, the spectrum could be made to change to 20-50nm long wavelength side, and blue luminescence was able 
to be obtained. 

[0022] In addition, as the source of the magnesium Mg used in the above-mentioned example, it is methyl bis 
(cyolopentadienyl) magnesium (C6H7) Mg 2 besides above-mentioned gas. You may use. Moreover, at the above- 
mentioned example, they are n layers High carrier concentration n+ Although considered as the double layer structure of 4 
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a layer 3 and n layers of low carrier concentration, you may constitute from n layers of a monolayer. 

[0023] When it was made double layer structure, luminescence brightness improved compared with the case of n layers of 
monolayers. Moreover, In the case of double layer structure, the carrier concentration of 4 is 1x1014 - 1x101 7-/cm3 the n 
layers of the above-mentioned low carrier concentration. Thickness 0.5 to 2 micrometer is desirable, carrier concentration 
1x101 7-/cnn3 since luminescence reinforcement will fall if It becomes the above, it is not desirable — 1x1014-/cm3 Since 
the series resistance of a light emitting device will become high too much if it becomes the following, and it will generate 
heat if a current is passed, it is not desirable. Morieover, thickness Since the series resistance of a light emitting device 
wilt become high too much if set to 2 micrometers or more, and it will generate heat if a current is passed, thickness 
desirably Since luminescence reinforcement will fall if set to 0.5 micrometers or less, it is not desirable. 
[0024] Furthermore, high carrier concentration n+ Carrier (electron) concentration of a layer 3 1x1017 - 1x101 9-/cm3 
Thickness 2-10 micrometers is desirable. Carrier (electron) concentration Since crystallinity will get worse if set to three 
or more 1x1019-/cm, on the other hand, carrier (electron) concentration desirably 1x101 7-/cm3 Since the series 
resistance of a light emitting device will become high too much if it becomes the following, and it will generate heat if a 
current is passed, it is not desirable. Moreover, since a substrate will curve if thickness is set to 10 micrometers or more, 
thickness desirably Since the series resistance of a light emitting device will become high too much if set to 2 
micrometers or less, and it will generate heat if a current is passed, it is not desirable. 

[0025] In 2nd example drawing.8 , light emitting diode 10 has silicon on sapphire 1, and it is AIN of 500 ** to the silicon on 
sapphire 1. The buffer layer 2 is formed, the buffer layer 2 top — order — thickness 2.2 [ about ] GaN of mum from — 
high carrier concentration n+ which changes A layer 3 and thickness abbreviation 1.5-micrometer GaN 4 is formed n layers 
of low carrier concentration which changes, from — furthermore — low — carrier concentration n layer 4 top — GaN of 
thickness about 400 from — i layer 6 which changes forms — having — **** — the i layer 6 top — thickness 
abbreviation 0.2-micrometer GaN from — i layer 50 which changes is formed. Moreover, i layers of the p layer 5 which 
shows p mold are formed in the predetermined field of 50. 

[0026] i layers, from the top face of 50. 4 [ i-layer ] is penetrated i layer 6 and n layers of low carrier concentration with 
50, and it is high carrier concentration n+. The hole 15 which results in a layer 3 is formed. It passes along the hole 15 and 
is high carrier concentration n+. The electrode 52 formed with the aluminum joined to the layer 3 is formed on i layer 50. • 
Moreover, the electrode 51 formed with the aluminum to 5 p layers is formed in the top face of 5 p layers. High carrier 
concentration n+ Insulating separation of the p layers of the i layers of the electrodes 52 to a layer 3 is carried out by 50 
to 5. 

[0027] Next, the manufacture approach of the light emitting diode 10 of this structure is explained. Drawing 9 which shows 
a production process to drawing 1 5 is a sectional view only about one in a wafer, and the next manufacture processing is 
performed about the wafer with which the component shown in drawing in fact was formed repeatedly. And finally, a wafer 
is cut and each light emitting device is formed. 

[0028] The wafer shown in drawing 9 is manufactured like the 1st example, next, it is shown in drawing 10 — as — i layer 
50. top — sputtering — SiO two-layer — 1 1 was formed in the thickness of 2000A. Next, the photoresist 1 2 was applied 
on the SiO two-layer 1 1. And i layers are set to 50 by photograph RISOGURAFU. and it is n+. The photoresist of the 
electrode formation part A corresponding to the hole 15 formed so that it may result in a layer 3 was removed. 
[0029] next, the SiO two-layer which is not covered with a photoresist 12 as shown in drawing 1 1 — the hydrofluoric-acid 
system etching reagent removed 1 1. Next, they are 4 and high carrier concentration n+ i layer 50 and under it the part 
which is not covered with a photoresist 12 and SiO two-layer 1 1 as shown in drawing 1 2 i layer 6 and n layers of low 
carrier concentration. After supplying and carrying out dry etching of degree of vacuum 0.04Torr, high-frequency power 
0.44 W/cm2, and the BCI3 gas at a rate for 10 ml/, dry etching of a part of top face of a layer 3 was carried out by Ar. At 
this process, it is high carrier concentration n+. The hole 15 for electrode drawing to a layer 3 was formed, next the SiO 
two-layer which remains on i layer 50 as shown in drawing 13 — 1 1 was removed by the hydrofluoric acid. 
[0030] Next, as shown in drawing 1 4 , reflection electron line diffraction equipment was used, the electron ray was 
irradiated, and i layers of p mold sections 5 of a p type semiconductor were formed only in the predetermined field of 50. 
The exposure conditions of an electron ray are the acceleration voltage of lOkV, and specimen current. They are ImicroA, 
passing speed 0.2 mm/sec of a beam, beam diameter 60micrometerphi, and degree of vacuum 2.1 x10-5Torr. By the 
exposure of this electron ray, the resistivity of 50 is 108 i layers. It became a p type semiconductor with a resistivity 
[ cm ] of 35ohms from the insulator more than omegacm. At this time, parts other than p mold section 5, i.e., the part by 
which an electron ray was not irradiated, are still i layer 50 of an insulator. Therefore, although p mold section 5 makes 
thin i layer 6 intervene and forms 4 and pn junction n layers of low carrier concentration to a lengthwise direction, in a 
longitudinal direction, insulating separation of the i layers of the p mold sections 5 is electrically carried out by 50* to a 
perimeter, 

[0031] Next, as shown in drawing 1 5 . it passes along i layers of the top faces and holes 15 of 50 with p mold section 5, 
and it is high carrier concentration n+. The aluminum layer 20 was formed in the layer 3 of vacuum evaporationo. And a 
photoresist 21 is applied on the aluminum layer 20, and the photoresist 21 is high carrier concentration n+ by photograph 
RISOGURAFU. Pattern formation was carried out to the predetermined configuration so that the polar zone to a layer 3 
and p mold section 5 might remain. Next, the outcrop of the lower layer aluminum layer 20 was etched with the nitric-acid 
system etching reagent by having used the photoresist 21 as the mask, and the acetone removed the photoresist 21. 
Thus, as shown in drawing 8 , it is high carrier concentration n+. The electrode 52 of a layer 3 and the electrode 51 of p 
mold section 5 were formed. Then, the wafer formed as mentioned above was cut for every component. 
[0032] Thus, when the luminescence reinforcement of the manufactured light emitting diode 10 was measured, it was 10 
mod like the 1st example. Moreover, luminescence wavelength is 460 - 470 nm, and is GaN of mere pn junction. Compared 
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with light emitting diode, the spectrum could be made to change to 20-50nm long wavelength side, and blue luminescence 
was able to be obtained. 

[0033] In the light emitting diode of the 1st example of the structure shown in 3rd example drawing 1 , 5 [ 6 or p layers 
(the high carrier concentration n+ layer 3 and 4 or i layers with a low carrier concentration of n layers) ] was set to 
aluminumO.2Ga0.5In0.3N, respectively. High carrier concentration n+ The layer 3 added silicon, formed it in 2xl018/of 
concentration of electrons cm 3, and formed 4 in 1x1016/of concentration of electrons cm 3 by impurity addrtive-free n 
layers of low carrier concentration. 6 is 2n concentration i layers. It is thickness at 3x1020-/cm3. 5 adds p layers (Mg) of 
magnesium by forming in 400A, an electron ray is irradiated, and it is electron hole concentration. It formed in 2x1017- 
/cm3. And p layer 5 and high carrier concentration n+ The electrodes 7 and 8 formed with the aluminum linked to a layer 3 
were formed. 

[0034] Next, the light emitting diode 10 of this structure as well as the light emitting diode of the 1st example can be 
manufactured. Trimethylindium (In3 (CH3)) is TMG. TMA. a silane, and CP2Mg. In addition to gas» it was used. Generation 
temperature and a quantity of gas flow are the same as the 1st example. Trimethylindium Except for supplying by part for 
1.7x10 -four-mol/, the flow rate of other gas is the same as that of the 1st example. 

[0035] Next, like the 1st example, using reflection electron line diffraction equipment, the electron ray was irradiated 
uniformly above p layer 5, and p conduction type semi-conductor was able to be obtained. 

[0036] Thus, when the luminescence reinforcement of the manufactured light emitting diode 10 was measured, it was 10 
mcd like the 1st example. Moreover, luminescence wavelength is 460 - 480 nm, and is GaN of mere pn junction. Compared 
with light emitting diode, the spectrum could be made to change to 20-60nm long wavelength side, and blue luminescence 
was able to be obtained. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
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[Brief Description of the Drawings] 



ght emitting diode of this example, 
ght emitting diode of this example, 
ght emitting diode of this example, 
ght emitting diode of this example, 
ght emitting diode of this example, 
ght emitting diode of this example. 



[Drawing 1] The block diagram having shown the configuration of the light emitting diode concerning the 1st concrete 
example of this invention. 

[Drawing 2] The sectional view having shown the production process of the li 
[Drawing 3] The sectional view having shown the production process of the li 
[Drawing 4] The sectional view having shown the production process of the li 
[Drawing 5] The sectional view having shown the production process of the li 
[Drawing 6] The sectional view having shown the production process of the li 

[Drawing 7] The sectional view having shown the production process of the IL „ , 

[Drawing 81 The block diagram having shown the configuration of the light emitting diode°concerning the 2nd''concrete 
example of this invention. 

[Drawing 9] The sectional view having shown the production process of the light emitting diode of this example. 
[Drawing 1 0] The sectional view having shown the production process of the light emitting diode of this example. 
[Drawing 11] The sectional view having shown the production process of the light emitting diode of this example! 
[Drawing 1 2] The sectional view having shown the production process of the light emitting diode of this example. 
[Drawing 1 3] The sectional view having shown the production process of the light emitting diode of this example. 
[Drawing 1 4] The sectional view having shown the production process of the light emitting diode of this example. 
[Drawing 1 5 ] The sectional view having shown the production process of the light emitting diode of this example. 
[Description of Notations] 
10 — Light emitting diode 

1 — Silicon on sapphire 

2 — Buffer layer 

3 — Quantity carrier concentration n+ Layer 

4 — n layers of low carrier concentration 

5 — p layers 

6 — i layers 
50 — r layers 

[Translation done.] 
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^ K-:/<7)^»&f4C0 i 0485 -4900111 (D^^tff^ 

#e>n. :^«i:i:UT450 -480^ (D^Hjm^tirzo 



5 
6 
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(2) 

1 

GaYlni-i-YN;X=0,y=O.X=y=0 ff^^U^TiMt. 
p mcD^m - 3 mTtmit-^m^mf^ (a l x Gar I ni . i - 1 N ;X= 

o,Y=o,x=Y=o^-g-tr) f)^i^fs.^i>mt^mr^^m-3 

^*^o 10 

[0 0 0 1] 
[0 0 0 2] 

[«f*ftffi] fie*. »fiC05§^3^-f HtbTGaN ^ 

[0 0 0 3] MjB.. GaN lC43ViTt)> Mg^^anUTS^ 
[0 0 0 4] 

[^^;:f^<»*b,i;'5i:'rsillS] Vt^V. JbiBcDPNig 
-&^£:%t-^%3t5^^:t-Hc^5g^iSSti> iKl430iiiD SO 
3tCD 3 Sfe ;^ ^ WfecoiSgcfc D ^-^MaSfiT^ ^ t 

^ft; (All Gay Im - X - t N;X=0, Y=0. X=Y=0 
[0 0 0 5] 

3 mTtmit-^^^^mmkU Gar Ini - 1 - 1 N ;X=0, Y=0, X=Y=0 
##*ti:(Al,GaTlni-x-TN;X=0,Y=0.X=Y=O $r^tr) tJi^^;^ 40 

^x>mt ^^-r^^m - 3 m7um^t'Bm^^mi$^^ytm'¥' 

tC:feViT, n^<i:p@^(DK{rZn^^fiIJL^fcS5g-3M 
7U*^b^te¥»#:(AlxGaT Im -x -iN;X=0, Y=0,X=Y=0 

-So 

[0 0 0 6] ±B<D^mmm(Dm'^i'i> 2o-'3oooat^ 

SCI t3^)tS^LVio 20Ai;t)'bl?l'ii:^if6iSgT(D%^ 



#IS^6- 1 5 19 6 3 

2 

<:f3i<. 1X10^9 /cm3 «Ti:ftS<i:%3t®S;5^<ST-r 
[0 0 0 7] 

i-i-tN;X=0, Y=O.X=Y=0 :^>e;^S*«6iS:ttO i 

i ^i:COS^gES:CX i mx}^-pmSi492m <D^ytf)m 
e>n. iH^pg<i:CDS'&gBTt!-iJ7iSS430iuii CDSg^t 

[0 0 0 8] 

mimmm 

^iic^v^T, ^3t^^-f 1 ofi. ^yr^rmm. 

l^WL-T^feO, •t<^it:7T-fytt«ltC500 ACOAIN 
OA-/ >^Z^2;&^^££$nTV:iSo ^(D/'<yyrm2CD 
±{Z\t. miZ. Ki?JK)2.2 AtmCDGaN 3^^^fSSS4^-\-U 
TiSSn^ @3<h^j?J5 l.BAtmOOGaN :0^e>fiE:'5fi4^-V' 

Sn^4cD±tc8@jP^400 AcDGaN i ^ 6 

jB£$nT:BO. ^<Z) i S6coJh(c0.2 Mm:6^B^£Sp® 

5;i&^?^^K$nTViSo -ebT. vmsiz^m-r^TJi^^ 
Ti'^So mms tmm? t\t. m9\z^y)m^mzmm 

[0 0 0 9] C CD^3gO%>t^-r H 1 0 COS 

mm^m.^t^mm.m^&mi &rf tmovpe j a:isT) tc 

3 U 7^fXH2 i: h U U '^7 A(Ga(CH3 )3 ) 

(£IT TTMG J ^:I5"r) i h U rn? A (Al 

(CH3)3) («T TTMA J tmT) ^'>^>(SiH4)^t:X 
D ^ > 5^ V X - ;V V i/:?^ 5> A (Mg (Cs Hs ) 2 ) (JB^T 

rcPsMg J <i:i2"r) ^iz^x^jvmmi sit tdez j tia 
r) T*So 

[0 0 10] ^r, ^««c»&r/^fa«iSErJ:Di5Sci^Lfc 
ffiTH2 ^Sgji2 1 i teT/^XRJi^M\zmV/3if)^ibWLmilQ0 

t:w:7T-fTS«i^mfflxv/^>^b;fco 

[0 0 11] ^*:tr. 40013 ^TfiT^itT. H2^ 

20 liter/^5J^, NHa $10 liter/^i', TMA LSXIO-^ 
^;P/^^-C#fe«&LXAlN CDA--/:7Te2 75tiff5 sooAcoiP 

•CtCft^b, H2$20 liter/Z^J^. NH3 SIO 

TMG & 1,7X10-* ^JVX^. H2m86ppm ^X^VH^Tz. 
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3 

>-7>(SiH4)^ 200 mi/ij-com^T'soii^fwwi^b. mm 

m 2.2jLtm. 4^rUT«« 1. 5 X 101 Vcm3 ©GaN ^^j^^ 

[0 0 12] IKV^T. 1t:7T-rTSffil corns ^£ 115013 
(r«}^L, H2^&20 liter/i*, NHs SIO liter/ii^. IMG 

^1.7 xio--»^;i./^^<;osil&'r205>raft«&b, 

1. S^m. 1X10^ V cm3 (OGaN ti^^m.^ 

[0 0 1 3] ^^tC, 't^:7T< 900t:trLT. 
H2 2:20 liter/^>. NHs ^10 liter/i>, TMG 1. 7 
X10-^^;i./i}^, DEZ ^1.5 XlO-'^Jl./fJ^CDffil^TO. 
5 i>W«J&bT, KjP400 AcOGaN ;^^^^^ZnffiS 3X 
lO^V cid3 CO i g6^£?^£gbfco 

[0 0 14] ^ic, ^yr^rmwii ^ 900'ctcL'T, 

H2 ^20 liiet/^. m ^10 liter/4i^, TMG ^1,7 

xio-''^;i//4i^. CPzMg ^ 2xio-7^;i//5i^6oSi|-&T3 

^J^W^I&LT. HiP 0.2/xTn(7>GaN J^^^jsj-S i 6 5 

[0 0 15] mz. Kmm^mvrmm^m^^x. c:<^ 

iDi^SffilOKV. KJsfmiE IxtA . b*— 
0. 2min/sec . )d—A%60fXTn<t>. K^ffi2. 1 XlQ-^Torr 

[0 0 16] £ATtC]S£^^n^ig3v{)^e>0 7tj. ^x/\ 

[0 0 17] ia3tC^-rct'5(C, p®5C0±tC, X/t-/ 
>^tcJ:OSi02^ 1 1 ^2000Aa:>m^\zm&L7to 

:^\z. ^<DSi02mi i±\zy:thUzy::^hi 2^m^V 

T. m^^OTmmn* msizm^^ziizm^-^n^n 
1 bizMjt^-r^mmm^s^ikA^^cDmmm^^^pm 
s<Dmmtmmi^m'r^m9^m&^^miSLB<Dy:t h 

[0 0 18] WiZ. ^ 4 tc^f cfc 5 y^VV-J>7.V 
1 2 tr«fc-c)TEt)nTVi?5:i/^Si02gi i^:7:y|b*^K 

y:^vw7.Y\ 2ms%\^m \ \ \z^r:>xm,f:>nx\^^ 

;^t.iePfi:cDpg5 i:-^(Z>TO i@6 i:®+-\'UTSSn 
^4a:iiF:^^^U7SSn* ^3(^±M— ^SSO. 
D4Torr, fl5^»ll:f)0. 44W/cin2 , BCl3;^fX^10 ial/5j^(D 

^Zy^Vlto ^O-XMX. '^^^^)TmMn^m^\zn 



(3) ^M^6- 1 5 19 6 3 

4 

[0 0 19] *tC, 06{C^Tcfc5tr. p@5±{rSo 
Tt^SSi02gl 1 ^&:7^:/fl:7K?^lgT^*Lx;?5:o :^tc, H 
7tc^f K<sj<^±^Mfc. Al^l S&^^tcj: 

D^^L?ce ;intc<t:0. ?Ll5tcl3:, iU^^^^UTiSS 
n* ® 3 tcS^e9E::^«$n;/£:Al® 1 3 f^m^^ti^. 
^VX. ^(^Algl 3CD±tC7^ hl->?Xhl 4^^qf& 

4;0^ii54^irUTJgSn* g3SIi^pM5{:i?^1-^aSlfB 

fm^^^\z. m^m^\z/'\^—>m^\^tz.o 

10 [0 0 2 0] ^t3. m7\Z7T^^^o\Z^<Dy^h\^-Jy. 
h 1 4^ x^X^arbTTHmigl 3 cDSffigP^rffii^^ 

se)<0«9trJ|«P$nrcAlgl 3{i, ^:^tCK^*$n-5c 
M/>^7.M 4<£l/i?;^hir|(ffi?Sr^SL. 
iiJ^-^UTSSn* H 3 03^8. p ^ 5 CD^«K 7 
^CD^> ±IBcD$tl<ffi3®$nf::»:7XAt3:> 

[0 0 2 1] ^lOct-^lCbTSit^nfc^y-f 
-a? 1 0<7)|^^3SS^&S!lSUfc<h;i^lOmcd-r^ofco X. 

460 —470 ninT^D, ^^'^-S p njt'&COGa 
N <Z>^3t^-<:^-— HtCJt^T. 20'-50nmSifeSM(CX'^ 

[0 0 2 2] iM^mmxm^^fz^^^i^^hmcD 

30 mxm^\^x^§k\^^o 

[0 0 2 3] ~mmm^\z^^^. Mmnmo^^izvc 
^x^ymmi)m±vrc. x, ~mmmm(Dm'^\z\t. 

±l5{£+^UTJg*nM4<^^-A-UT}Smil xio^^- 
Ixi0^7/cm3 -rSg^ti 0.5— 2A6m7!)^S^Ul'io 
UTiSS^t ixio^^/cms l^A±ii;5:^^i^*SIS;&t'eT 
T^o>xm'^V<U<. ixio^^/cffis gjlTiiT^c-S^^ 

[0 0 2 4] JEEZ, Ji5^^^ U7^SSn* gSCD^vUZ 
(«^) 1X10^7_ ixio^e/cm^ THi^tl 2— 

iOMni75«M*L^io 4^^uy (m^) mmti^ ixio^^/ 

— (M^) ^mt)^ ixio^^/cms fiATt:^ 

50 ^n.^ t,^^m^(Dummiti^'^ <uk) -r^mm^mrr 
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5 

[0 0 2 5] ^ 2 mmm 

T^iSSn-^ P3i:^j?JKl 1.5MmOGaN ^O^&^S-Sffi^^ 

Sn®4(D_htdlgj?*5j400 AcOGaN tf^^m^ im^tm 
^$nT;feO, -eco i ^ 6 a>_htC^JP*5 0. 2/imC?)GaN 
30^i^^S^ i ^ 5 07)^?^^fe$nTV^So X. -^C7)i^5 0 

[0 0 2 6] i ^5 OCO±®75>iP,ti, ig50,ti^6 

[0 0 2 7] :k\z. c:o«igc^§g3t^^-r:t- H 1 0 CDS 

[0 0 2 8] mi^mmtnm\z'ux. ^9fr^t-»>^x 

/\^®jgt*^o ® 1 otc^-r<J:3fc. i^soc) 

-ttC, X/^^^^U^i/tCj^f^SiOzg 1 1 ^2000Aco;p$ 
1 2 ^r^^LTtc -eLX, hU V^^:7{CJ;D. i 

® 5 otc:fei'^Tn^ m3\zm^^'D\zm^'^n^^\ ^ 

[0 0 2 9] ^ifetc. 01 1 {c^-ri;-5fc, y^ hi/>?x 

h 1 2 tZ<fcoTffi^:>nTVi;^t.iSi02g 1 1 ^yv^ii^^ 
\Z. -7:^ h h 1 2Rt!rSi02M 1 1 tCcfcoTffi^^n 

TVi?^Vig5fi:<^) i S 5 0 i:-^coTco i M 6 U T 

S^SP0.04Torr, iif^JSm^O, 44W/cDr' , BCh;9X^10 

^ 3 n*f-r^e«i^/±ji.(D;tde)(75?L 1 5 tf^m^-^nt^o 

^tC. 0 1 3 fc^-rjc-ptc. i® 5 O^tcSloTl'i^Si 
[0 0 3 0] ^fetC. 0 1 4tC^*rct'5(C, ijisocom 



(4) i^M^6- 1 5 19 6 3 

mm^mt.. immmm. unmrn ima > tf-Aco 

^IbiiSO, 2imn/sec , t'— Ag60Mm<t, KSfi2.1 x 
lO-^TorrTa&^c ^<7)m^Oflg|*tCi: 0, i g 5 0 CD 
ffi6i^m08 QcmK±cDi^«::i5r^^.fiS:^35Qcin£Dp^ 

n=!^<Dm.M^nfS.tf^r>tim^^\^. «fi!gr^(0 i ^ 5 OCO 

*^T*^o se-:)T, p^gB5t^. m-jjmznvx\t. 

i ^6S:/rfi$1^T<g^'\-UTS*njl4 t pnS 

-a-^^^r^^^ m^n\z\t. p^ggst^, ^H{::*fb 
i£? T> i^5 ot::i:Omm«tciffiigrf^BI$n^o 

[0 0 3 1] lai 5tc^-r<k'5tz. p^a55^i 

^5 OCDiiffididrLl 5^ffioT]iE=^^^UTiSSn* S3 

h\z. k\m2 otfrnrnz^K^m^-^ntLo -ecx, ^(?> 

A1S2 0(DJi(C7:t M/>?Xh 2 1 ^^:fl3L-X^ h 

TiSSn* e3B:lXpiaeP5[Cj*t-^llffiSB75tS^ci:3 

\z. W'&mmzn^—y'^^x^rzL^ :k\z^ ^(oy^vv 

-J7.V2 1 <£v;^^<i:LTTBC0AlS2 OCDSffifflS^^S 
K?^X-/5^>^?geTX^;/^>i^L. 7:^-M/i^Xh2 1 

iS^rYUTfflffin* S3 com® 5 2, p^eB5co 

^ x./\i3^^m^mz'<mm^tit:L. 

[0 0 3 21 :i<D^'o\ZL.xm&^nti^it^'i^-Y^ 

\Z. 10 mcdTS^ofdo X. 460 —470 nmT 

^D. *?^^p ni^-g-cOGaN (D^^^-^ :t-Y^\zVc^ 
X. 20--b0m&^&m\zy.^^ hJV^m^'^'^^Ctf)^ 

30 [0 0 3 3] msm&m 

me. pg5^. -en-?^n. Alo.2Gao.5lno.3N<i:L 

TiSS2 xio^B/cmMcJ^^SL, U Ti8Sne4H 

^»E1&^i^iinT«-^«Sl XIO^ VcmMC?i^^L';to \m 
emnSS SXlO^Vcm^T®^ 400AiCJ^j6£b. pg5 
V ^ i> i!? A (Mg) ^ ^in b ^ L TiETLS 

S 2xl0iVcin2 ^LT. pS5<hiS^^U 

[0 0 3 4] *tZ. ^ICDffiigO^^ttJ^'I'rt— H 1 0 t)® 
hU;<^;U^>S^^7A(Iii(CH3)3);^nMG . TMA . 

cPzMg :»x\zM^xmm-^nr:Lo hts 

^ 1.7xio-^^;l//^^-r«*&T^^^^^v:^Tte£0:yx 

[0 0 3 5] ^fi, mimMmt,mm\z. K^ni-mm 
50 mmm^m^^x. ±M<r)i>mb\z—m\zm=f-m^mM\^ 
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[0 0 3 6] C(7)i:5trbTKii$tlfc%5t^^-f:t-F 
fC, 10 mcd-r^o/Co X, 460 --480 nmT 

[01] *!«5^co^^^65;^mi*J6Wtc«S^>t5^'1':t 

mmmo 

[06] mm:mm(Dm^y^:t-\^cDmi^j:m^^vrzL 

^M0. 

— H b Ac«^S0o 



[0 9] [^^SS«»|C0%3t^-f :t-HCDffi3gXg^^b;t 
l9rM0. 

[010] mm:mm<D%yty^yt^-\^(Dmmj:n^^v 
Tcmmmo 

[0 11] f^llJBWO^^y^:t-F(7)ffijtXS^£^L 
fc»fM0o 

[0 12] mmmm(D^^y^:t—]^(Dmmj:m^^v 

fc»fM0o 

[013] [^^igfiajco%>t:$^-f FC0SSigX5g^£^U 

[014] [^JglS«fl|COS!:^iS^-f ::*--F(^KigX5g^^L 
fcBfH0o 

[015] mm&m<D^^y-f^-\i<Dmmj:m^^h 

fcBfM0o 

[^^CDttt^] 
1 O-^^^-f :t-F 
l"•t^>^T'<TS« 

■p 

• i 



2 
3 

W 4 
5 
6 



5 0-" 1 



[01] 



[0 2] 



[03] 



4^TVTi.4 3 — ^ 




[041 




GaN 



[06] 



P;GaN 9 15 5 

;-n-GaN 




B 




11 

5 

3 
2 



[05] 



3 
2 





n-GaN 




12 

.p-GaN 
- n-L>aN 



[07] 




-GaN 
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W8] 



im9i 



imi 0] 



p-GaN 




[011] 




m\ 2] 



11 



SiO? 



15 




'"so 



2- v\\AfN\\V 




-GaN 



50 -( 

3 
2 



5^ 




6>G8N 
n-GaN 



[013] 



Ay 



50^ 
3 



V 



n-GaN 





50 ™— 
n^GaN 



•GaN 



[014] 



p-GaN 
i-GaN V ? f^ic 

4. 

3 -R:: n-GaN 




[01 5] 



-GaN 




(72) 
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(7) il*5B¥6- 1 5 1 9 6 3 

ig»m«^rMTU®iKj^iO 1 re 1 #38- ^mm^^Mm^-^mnR.m~Tm2i ^ 

805 ^R-Mmmw^mm^m 
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